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INTEGRATED CELLULAR VOICE 
AND DIGITAL PACKET DATA TELECOMMUNICATIONS SYSTEMS 
AND METHODS FOR THEIR OPERATION 



Fig=^ld oE invention 

This invention reiaces to cellular voice and 
Cellular Digital Packet Data (CDPD) telecommunications 
systems, and to methods for their operation. 

- 

± v^' 

p.^rkaround of In vention 

In conventional cellular telephone networks, a 
base station is provided for each cell of the area served 
bv the cellular network. Each base station comprises a 

15 plurality of radio transceivers which provide radio 

channels for voice communications between the base stations 
and mobile telephones in the cells served by the base 
stations. The base stations are connected to mobile 
sw^itchmc centers v/hich provide telecommunications 

20 switching between base stations. A gateway mobile 

switching center is connected between the mobile switching 
centers and a Public Switched Telephone Network (PSTN) so 
that mobile telephones served by the cellular telephone 
net-works can be connected to telephones served by the PSTI-:. 

25 

In addition to voice telephony services provided 
to mobile telephone users by cellular telephone networks, 
there is a demand for packet data services provided to 
mobile data terminals. In April 1992 an industr-y 

30 consortium was formed to develop standards for providing 

cellular Digital Packet Data (CDPD) services. In July 1993 
this consortium, released Version l.C of a CDPD 
Soecif icat ion which defines standard interfaces and 
functionality for CDPD networks. Version 1.0 of th- CDPD 

35 Specification is hereby incorporated by reference. 
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A CDPD network may be irr.plemented as an overlay 
on an existing cellular telephone network. The CDPD 
Specification calls for Kobile Data Base Stations (MDESs) 
to serve mobile data terminals called Mobile End Stations 
(MESs). The MDESs are connected to Mobile Data 
Intermediate Systems (MDISs) which are connected to 
external public or private Packet Data Networks (PDMs) so 
that the MESs can exchange packet data with Fixed End 
Stations (FESs) connected to the PDNs . 

The MDBSs use the same radio frequency channels 
to exchange packet data with the MESs as do voice base 
stations serving mobile telephones m the same serving 
area. To avoid radio interference between packet data 
transmissions and voice transmissions, the MDBSs must use 
radio frequency scanners to scan the voice channels to 
determine which voice channels are currently in use by the 
voice base stations serving the same area, and tune their 
transceivers to only those channels which are not currently 
in use for voice comjTiunica t ions . Consequently, the MDBSs 
"hop" among the voice channels to avoid voice calls which 
are currently in progress. 

The frequency scanning and retuning operations of 
the MDBSs require considerable processing. Moreover, each 
frequency hop executed in order to "dodge" a voice call 
interrupts packet data transmission, reducing the data 
throughput of the CDPD network. Furthermore, because 
expensive MDBS hardware, MDIS hardware and transmission 
facilities linking the MDBS hardware to the MDIS hardware 
are needed to provide CDPD service, the cost of introducing 
CDPD service is higher than desired, particularly where the 
initial demand for CDPD service is limited. If the CDPD 
service providers price the service high enough to pa\- back 
their ecaipment investment quickly or limit deployment cf 
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CDPD service co high traffic areas, chey risk limicina CDPD 
market grov/th . 

Moreover, the boundaries of cells served by MDBSs 
5 do not coincide exactly with the boundaries of cells served 
by voice base stations even when the MDBSs and the voice 
base stations are co-located. The cell boundaries do not 
coincide exactly because the mtercell hand off criteria 
are different for voice and packet data transmission. The 
J mismatch of cell boundaries can lead to excessive 

interference between channels used for voice corrjnunicat ions 
and channels used for packet data communications. 



ciimjnar'/ of Inv ention 

An object of this invention is to reduce or avoid 
some or all of the disadvantages of CDPD networks as 
outlined above by integrating CDPD equipment with equipment 
providing voice services. 

One aspect of this invention provides an 
integrated voice and packet data telecomjr.unicat ions system 
having at least one dual mode channel. The system 
comprises a plurality of transceivers. At least one of tne 
transceivers is operable to transmit and receive vc;ice 
traffic on the dual mode channel, and at least one of the 
transceivers is operable to transmit and receive packet 
data traffic on the dual mode channel. The system furrner 
comprises a controller for controlling the pluralw/ cf 
transceivers so as to allocate the dual mode channtrl v.r one 
of voice communications and packec data communicai i ono . 
The controller is operable, in response to changin:; d^rr-ir\d 
for voice channels and packer data channels, to cV.onq- 
dynamically the allocation of the dual mode chann-.. 
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corJT.unications, ar.d, m response to a demand for a voice 
channel, cc select a dual mode channel according to its 
position in the dual mode queue. The controller may 
further be operable, in response to release of the dual 
5 moae channel allocated to vcice communications, to return 
Che dual mode channel to the dual mode queue and to 
reallocate the dual mode channel to packet data 
"com.T^unications . The controller may operate the dual mode 
queue as a Last In, First Out (LIFO) queue so as to provide 
10 as many interrupt ion- f ree packet data channels as the voice 
traffic conditions will permit. 

The system may further comprise a plurality cf 
voice channels m addition to the plurality of dual mode 

15 channels, the voice channels being dedicated to voice 

communications. In this case, the controller may also be 
operable to maintain a voice queue of idle voice channels. 
The controller may be operable, in response to a request 
for a voice channel when at least one voice channel is 

20 present in the voice queue, to select a channel from the 

voice queue, and may be operable, in response to a request 
for a voice channel when no voice channel is present in the 
voice queue, to demand a channel from the dual mode queue. 
In this manner, the controller only allocates dual mode 

25 channels to voice calls when no voice channels are 

available, thereby minimizing interruptions to packet data 
transmission for maximum packet data throughput. 

Alternatively, because the number of 
30 interruptions to packet data transmission is reduced, the 
duration of the switching operations performed at each 
interruption has a smaller impact on the data throughput. 
Consequently, the design constraints on this switching 
duration may be relaxed, reducing the cost of the hardware 
35 and software impiem.entatior . 
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To turther improve packei data throughput:, the 
ccntroiier xay be operable, m response to release o£ a 
voice channel v;hen at lease, one dual mode channel is 
allocated voice comrriunicat ions , to select a dual mode 
5 transceiver, to hand off a voice call served by the 

selected dual mode channel to the released voice channel, 
to return the selected dual mode channel to the dual mode 
queue, and to reallocate the selected dual m.ode channel to 
packet data corrir;unicat ions . The hand off can be triggered 

10 only when the dual mode queue is empty to minimi'^e voice 
call hand offs. Alternatively, the hand off can be 
triggered if any dual mode channels are allocated to voice 
communications to maximize packet data throughput. The 
controller can be made operator configurable with respect 

15 to these hand off options. 

The integrated voice and packet data 
telGCom^munications system may be a cellular system having a 
plurality of cells, a respective subset of the plurality of 
20 voice channels being assigned to each cell and a respective 
subset of the plurality of dual mode channels being 
assigned to each cell. In particular, the frequency plan 
for the dual mode channels may be distinct from the 
frequency plan for the voice channels. 

25 

The use of distinct frequency plans for the dual 
mode and voice channels reduces the interference between 
voice transmissions and packet data transmissions that can 
result from the different intercell hand off algorithms 
3C used for voice and packet data communications. 

The system* may also comprise one or' more packet 
data channels v/nich are dedicated to packet data operation 
to ensure a minimum level of packet data throughput 
35 regardless of the voice traffic. In this case the above 
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hand off options may be disabled as long as one or more of 
the packet data channels is in operation. 

Cno cr more of the plurality of transceivers may 
5 be a dual mode transceiver v;hicn is operable in a voice 

mode to transmit and receive voice traffic, and operable in 
a packet data mode to transmit and receive packet data 
traffic. In this case, the control ler may "be operable to 
switch the dual mode transceiver between the voice mode of 
10 operation and the packet data mode of operation. 

Thus, another aspect of the invention provides an 
mtecrated voice and packet data telecommunications system 
com.orising at least one dual mode radio transceiver and a 

15 controller. The dual mode radio transceiver is operable in 
a voice mode to transmit and receive voice traffic and 
operable in a packet data mode to transmit and receive 
packet data traffic. The controller is operable to sv;itch 
the dual mode transceiver between the voice mode of 

20 operation and the packet data mode of operation. 

Each dual mode transceiver may be implemented as 
a processor combined with at least one radio transmitter 
and at least one radio receiver. The processor may be 
25 operable in a voice m.ode for voice communications and m a 
packet data mode for packet date communications. 

Thus, another aspect of the invention provides a 
dual mode radio transceiver comprising at least on^' : .a-aio 

30 transmitter, at least one radio receiver and a proces-c: 
for processing signals to be transmitted by the rad: - 
transmitter and for processing signals received hy ki..,. 
radio receiver. The processcr- is configurable in <:\ •.'•■I'^e 
mode for processing voice traffic, and is confiauici: i ri a 

35 packet data mode for processing packet data traffi-::. 
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Because the dual mode transceivers and the 
controiier are shared between voice and packet data 
services, packet data services can added tc voice services 
for the relatively low increnencal cost of the software 
5 requxred to provide the packet data services. Moreover, 
packet data services can be added to existing voice 
services without coupling additional radio frequency 
equipment to existing cell site antennas, and without 
interruptions to existing voice services to install such 

10 equipment . Furthermore , because the transceivers required 
fcr voice and packet data services are located at a common 
base station site , voice signals and packet data signals 
can be multiplexed together fcr transmission to and from 
the base station site on a shared multiplexed transmission 

15 link to minimize transmission facility costs. 

Another aspect of this invention provides a 
method of operating an integrated voice and packet data 
telecommunications syscem. the system having a plurality of 

20 dual m.odo channels, each operable in a voice mode for voice 
communications and operable m a packet data mode for 
packet data communications. The method comprises 
maintaining a dual mode queue of dual mode channels 
allocated tc packet data ccmm.unicat ions . selecting, ir> 

25 response to a demand for a voice channel, a dual mode 

channel according to its position in the dual mode ciu^rue, 
and allocating the selected channel to voice 
communications . 

3C Brief Descrior ion o f Drawings 

Embodiments of the invention are describ-r i i-r.-.ov; 
by way of example only. Reference is made to accomp.-ny ir.-: 

drav;inQS in which: 

Figure 1 is a block schematic view of a ■ r: : 
35 system overlaid on a cellular voice telephony syste:: 
according to the CDPD Specification; 
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Figure 2 is a block schenacic diagram of an 
integrated CD?D and cellular voice telephony system 
according tc ar. embodixer.t o: the invention; 

Figure 3 is a block schematic diagram of a dual- 
5 mode transceiver of the system of Figure 2 ; 

Figure 4 is a flowchart illustrating a first part 
of a channel allocation algorithm used to allocate radio 
channels m the integrated system of Figure 2 

Ficure 5A is a flowchart illustrating a second 
IC part of the channel allocation algorithm m a full dual 
mode queue hand off configuration; 

Figure 5B is a flowchart illustrating a second 
part of the channel allocation algorithm in a partial dual 
mode queue hand off configuration; and 
^- rigure 6 illustrates dual m.ode , packet data and 

voice frequency plans for the integrated system of Figure 



3 0 



35 



ner.aile rl negcnntion 

Figure 1 is a block schematic view of a CDPD 
system 200 overlaid on a cellular voice telephony system 
100 according to the CDPD Specification. 

The cellular voice telephony system 100 comprises 
a plurality cf voice base stations (V3Ss) 110 
interconnected by a plurality of mobile switching centers 
(MSGS) 120. Each VBS 110 comprises a plurality of voice 
radio transceivers (VTs) 112 which provide radio frequency 
channels for voice communications between the VESs 110 and 
mobile voice terminals (for example, :-n/T 300) in cells 
served by the VBSs 110. 

The VBSs 110 are connected to the MSCs 120 via 
multiplexed transmission links, for example Tl, El or other 
s-andard or proprietary format multiplexed transmission 



1 i nks . 



■^he t4SC5 120 provide telecommunications swit-^- 
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between che VESs 110. The MSCs 120 comprise a resource 
Tianager (RM) 120 which concrois che allocation of radio 
channeir. -o voic^- calls. 

5 A gateway MSG (GMSC) 130 is connected between the 

MSGS 120 and a Public Switched Telephone Network (PSTK) 400 
so that M^/Ts 300 served by the cellular voice telephony 
system 100 can be connected to telephones 500 served by the 
PSTN 4 00. 

The GDPD system 200 coxprises a plurality of 
mobile data base stations (MDBSs) 210 interconnected by a 
plurality of mobile data rnuermediace systems (MDISs) 220. 
Each MDBS 210 comprises a plurality cf packet data radio 

5 transceivers (PDT) 212 which provide packet data radio 

channels for packet data communications between the MDBSs 
210 and mobile end systems (MESs) 600 in cells served by 
the MDESs 210. The MDBSs 210 further comprise a scanning 
transceiver (ST) 214 which scans the radio frequency 

0 channels .used by the VBSs IIC to determine which voice 

channels are currently m use. The PDTs 212 are tuned to 
radio frequency channels which are not currently m use by 
the VBSs 110 to provide packet data com.municat ions betv/een 
the MDBSs 21G and the MESs 600. Consequently, the MDBSs 210 

5 "hop" among the radio frequency channels to avoid voice 
calls v;hich are currently in progress. (See part 405 of 
the GDPD System Specification, Release 1.1 issued by the 
GDPD Forum on January 19, 1995.) 

0 The MDISs 220 are connected to public or private 

oackec data networks (for example PDN 700) so that MESs 600 
served by the GDPD system 200 can be connected to fixed end 
stationr. (for example FES 80C) which are served by the PDMs 
700 . 
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The frequency scanning and retuning operations of 
Che MD3S3 210 combined with overhead data transfer 
operations needed to effect movement of packet data traffic 
from one channel to another channel amount to a 
5 considerable processing xoad on the MDBSs 210. Moreover, 
each frequency hop executed m order to "dodge" a voice 
call interrupts packet data transmission, reducing the data 
throvighput of the CDPD system' 200". Furthermore, because 
expensive MDBS hardware (including the ST 214), MDIS 
10 hardware and transmission facilities linking the MDBS 

hardware to the MDIS hardware are needed to provide CDPD 
service, the cost of introducing CDPD service is higher 
than desired, particularly where the initial demand for 
CDPD service is limited. The boundaries of cells served by 
15 the MDBSS 210 do not coincide exactly with the boundaries 
of cells served by VBSs 110 even when the MDBSs and the 
voice base stations are co-located because the intercell 
hand off criteria are different for voice and packet data 
transmission. The mismatch of ceil boundaries can lead to 
20 excessive interference between channels used for voice 
communications and channels used for packet data 
ccmm.unicat ions . 

Figure 2 is a block schematic diagram of an 
25 integrated CDPD and cellular voice telephony system 900 
according to an embodiment of the invention. The 
integrated system 900 comprises a plurality of dual mode 
base stations (DBKSs) 910 interconnected by a plurality cf 
Nortel MT.y''^ mobile switching centers (MTXs ) 920. Each 
30 DMBS 910 comprises a plurality of voice radio transcei verc. 
(VTs) 512 which provide voice radio channels for voic-:- 
communications between the DMBSs 910 and mobile voice 
terminals (for example, NTv'T 300) in cells served by the 
DKBSS 9 IC . 
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The DMBSs 910 are ccnnecced co the MTXs 920 via 
mul c ipl exed transmission i inks , for example Tl , El or other 
standard or propr ietar\' format mul t ipl exed t ransmiss ion 
links. The MTXs 920 provide t eleccrjnunicat ions switching 
5 between the DMBSs 910. The MTXs 920 comprise a resource 
manager ( RM) 92 2 which controls the allocation of radio 
channels to v^oice calls. 

The MTXs 9 20 also perform the f unct ion of a 
10 gateway MSC , connect ing the integrated system 9 00 to the 
Public Sv/itched Telephone Network (PSTN) 400 so that l-TvTs 
3Cj served by the integrated system. 900 can be connected to 
telephones 500 served by the P 5TM 400. 

15 Each DMBS 910 further comprises a plurality of 

dual mode radio transceivers (DMTs) 914. Figure 3 is a 
block schematic diagram showing a DMT 914 in more detail. 
The DMT 914 comprises a radio transmitter 10 , and radio 
receiver 20 , and a signal processor 30 comprising a 

20 processing unit 32 and a memor:>' 34 for storing instructions 
to be executed by the processing unit and data required for 
execution of those instructions . The signal processor 3 0 
receives voice and packet data signals from the MTX 920 and 
processes those signals for transmission by the radio 

2 5 transmitter 10 . The s ignal processor 3 0 also receives 

voice and packet data signals from the radio receiver 20 
and processes those signals for transmission to the MTX 
920. Tne signal processor 30 receives control signals from 
the PJ-1 92 2 to switch the signal processor 3 0 between a 

3 0 voice miode in which it provides signal processing 

appropriate for voice signals and a packet data mode i:i 
v;hich it provides s igna 1 process ing appropriate f cr packet 
data signals . 

3 5 Consequently, the DMTs 914 are operable m a 

voice mode to exchange voice traffic with i^fv^Ts 300 in cells 
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served by che DMHSs 910, and operable in a packet daca mode 
CO exchange packet data traffic with MESs 600 served by the 
DM3S3 910. The RMS 922 of the MTXs 9 20 operate as 
controllers for switching che DMTs 914 between the voice 
n mode of operation and the packet data mode of operation as 
will be explained in greater detail below. 

Each DMBS 91D further comprises a packec data 
transceiver (PDT) 916 which operates only in the packet 
IC data mode and ic dedicated to exchanging packec data 
signals with MESs 600 served by the DBMSs 910. 

Tne MTXs 920 perform MDIS functions for packet 
data transmissions and are connected to public or private 
15 packet data networks (for example PDN 700) so that MESs 600 
served by the integrated system 900 can be connected to 
fixed end stations (for example FES 800) which are served 
by the PDKs 7 00. 

The VTs 912, DMTs 914 and PDT 916 are connected 
•-0 -h^ RMs 922 of the MTXs 9 20 via one or more shared 
multiplexed transmission links. 

The Py. 922 of each KTX 920 maintains a VT queue 
25 and a DMT queue for each DMBS 910 served by the MTX 920. 

The VT queue contains identifiers of idle VTs 912. The DKT 
queue contains identifiers of DMTs 914 which are currently 
operating in packet data mode. 

Figure 4 is a flowchart illustrating a first part 
of a channel allocation algorithm used by the P.Ms 922 to 
allocate radio channels in the integrated system 900. v^hen 
a request for a voice channel is received by the P.M 9 22 
(either because a M^.'T 300 is attempting to initiate a voice 
call or because another terminal is attempting to initiate 
a call to a l-VfT 300), the Py\ 522 first examines the vcice 
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queue to deterrr.ine whether any VTs 912 are idle. If idle 
VTs 912 are found in the voice queue, the Bl-l allocates an 
idle VT 912 to the voice call and updates the voice queue. 

5 If the voice queue is empty, the PM 922 examines 

the dual mode queue to determine whether any DHTs 914 are 
operating in packet data mode. {The F-M 922 automatically 
configures any DMTs 914 that are nou allocated to a voice 
call in packet data, mode for transmission of packet data on 
demand.) If DMTs 914 are found in the dual mode queue, the 

9 22' allocates a DMT 914 from the dual mode queue on a 
last in, first out (LIFO) basis, and updates the dual mode 
queue . 

5 If the voice queue and the dual mode queue are 

both empty, the PM 922 initiates refusal of the voice 
channel request . 

The channel allocation algorithm described above 
0 ensures maximum use of all voice channels before packet 
data transmission are interrupted to provide voice 
communications. Moreover, as many of the DMTs 914 as 
possible are used for uninterrupted packet data 
transmissions. In addition, the PDT 916 is always used for 
5 uninterrupted packet data communications. 

Figure 5A is a flov;chart illustrating a second 
part of the channel allocation algorithm when the PM 922 is 
configured m a full dual mode queue hand off. 
ccnf igurat ion . Voice channels are released when a voice 
call served by a DMBS 910 is handed off to another DMBS 
910, v/hen a M"/T 300 disconr.ects or when a release order is 
received indicat ing that the network or another terminal 
has disconnected. When a voice channel is released, the P2A 
35 922 determines whether the released voice channel was 

provided by a VT 912 or a DMT 914. If the released voice 



wo <)7/22216 



PCT/CA96/0047q 



15 



• ^„ J w,, riMT Q1J rh'=' DMT 914 is returned 
channel was proviaec Dv a DMT yi4, un_ 

to the dual mode queue and switched to packet data mode. 

If the released voice channel was provided by a 
5 VT 912. the transceiver which provided by the released 

voice channel is now available for use by any other voice 
call. in particular, the VT 912 which provided the 
released voice channel could now provide a voice channel 
for any vcice call which is currently being handled by a 
10 DMT 914 operating m voice mode. This would enable the DMT 
914 to switch to packet data mode to provide higher packet 
data throughput. 

Consequently, if the released voice channel was 
15 provided by a VT 912, the RM 922 selects a DMT 914 which is 
currently operating in voice mode, hands off a voice call 
troni the selected DMT 914 to the VT 912 which previously 
provided the released voice channel, and returns the 
selected DMT 914 to the dual mode queue, switching the 
20 selected DMT 914 to the packet data mode. 

Advantageously, the P^I 92 2 may select the DMT 914 
which was last allocated from the dual mode queue for the 
voice call hand off. The RM 922 may maintain a DMT voice 
25 queue for this purpose, entering the DMTs 914 into the DMT 
voice queue when they are switched from the packet data 
m.ode to the voice mode. The RK 922 may then select DMTs 
914 from this queue on a LIFO basis when VTs 912 able to 
provide voice channels become available. 



3 0 



The full dual mode hand off arrangement described 
above may result in a large number of voice call hand offs 
m riea^-y voice traffic and this may be deemed unacceptable 
for some applications. To increase packet data throughput 
while reducing voice call handcff activity, the steps of 
Figure 5.^ may be replaced by the steps of Figure .53 which 
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impiemenc a parciai dual mode handcff scrateg^^. According 
CO the parciai dual mode hand ot£ strategy, voice calls are 
handed off fror. DMTs 9 14 zo released VTs 912 only when the 
dual mode queue is empty (i.e. when ail DMTs 914 are 
5 operating :Ln voice mode, so that none of the DMTs 914 are 
contributing to packet data throughput). 

Full dual mode handoff and partial dual mode hand 
off as described above may be implemented in the RT-l 922 as 

10 opti ons which are configurable by the service provider who 
operates the integrated network 900. The hand off options 
may be automatically disabled when operational measurements 
indicate that the integrated system 900 is in a voice 
overload condition. The hand off options may also be 

15 disabled so long as at least one dedicated packet data 
channel {provided by the PDT 916) remains in service. 

Figure 6 illustrates distinct dual mode, packet 
data and voice frequency plans for the integrated system of 

20 Figure 2. The frequency plans are based on seven groups of 
channels dedicated to voice comumunicat ions (Va, Vb, Vc , Vd, 
Ve, Vf , and Vg) , seven groups of channels dedicated to 
packet data comr.unicat ions { ?Da , ?Db, PDc , PDd, PDe , PDf 
and PDg), seven groups of channels that can be used for 

25 either voice or packet data comjnunicat ions (DMa, DMb, DMc , 
DMd. DMe, DHf and DMg) , and assume two VTs 912, two DMTs 
914 and one PDT 916 per cell. The use of distinct 
frequency plans for the dual mode channels, packet data 
channels and the voice channels reduces the interference 

30 between voice transmissions and packet data transmissions 
that can result from the different intercell hand off 
algorithms used for voice and packet data communications;.. 

In the integrated system 900, the RM 922 and the 
35 DMTs 914 are shared betv/een voice and packet data services, 
so that packet data services can be added to voice services 
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for Che relacively low incremental cose of the software 
required to provide the packet data services. Moreover, 
the use of a cor^r.cn PJM 922 tor voice and packet data 
services avoids the need to scan the voice channels to 
determine which voice channels are currently in use because 
that information is already available in the controller. 
This avoids the cost of radio frequency scanners 214 of the 
" " CDPD network 200 and the processing 'resources heeded to" 

drive the radio frequency scanners 214, In addition, the 
; common P^-l 922 assigns channels to voice and packet data 
traffic in a more orderly manner to reduce the number of 
channel hops needed for packet data traffic. This 
increases the packet data throughput: without increasing 
voice call blocking . 

Alternatively, because the number of channel hops 
IS reduced, the duration of the switching operations 
performed at each channel hop has a smaller impact on the 
data throughput. Consequently, the design constraints on 
0 this switching duration may be relaxed, reducing the cost 
of the hardware and softv;are implementation. 

The embodiments described above may be modi nee 
without departing from the principles of the invention, the 
5 scope of v;hich is defined by the claims below. 

For example, the integrated system 900 could nave 
more or fewer DMBSs 910 or more or fewer MTXs 92C -nan 
Illustrated. Some or all of the MTXs 92C could se:v- 
0 multiple DMBSs 910. 

Each DMES 910 could have a different num:-^r ct 
the various transceiver types. For example, some if s.l. or 
the DMBSs 910 could have no^ VTs 912 so long as en;:M ;:r. DXTr, 
5 914 are orovided to meet the dem.ands of the voice r r ..-i r 1 1'-;- , 
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The VTs 912 may be DMTs 914 chat are operator 
configured co operate only in voice mode. Similarly, the 
PDTc 913 may be DMTs 914 that are operator configured to 
operate only ir. packet data mode. 



The VTs 912 could be AMPS, TDIAA or dual mode 
AMPS/TDMA transceivers and the DKTs 914 could be operate i 
A2^P3 mode or TDMA mode when in voice mode. The DMTs 914 
could even be "triple mode transceivers'* selectively 
10 operable in Al^lPs mode, TDM^^. mode and packet data mode. If 
transceivers selectively operable in both .^MPS and TDr^.^. 
voice modes are used, the channel allocation aigorithm.G 
described above will need tc be extended accordingly. 

15 where the demand for mobile packet data ser'vices 

is relatively light, no PDTs 916 may be provided, all 
packet data services being provided by the DMTs 914. in 
this case, the partial or full dual mode hand off 
procedures are particularly advantageous as means foi 

20 increasing packet data throughput. 

The invention could also be implemented on a 
network -architecture having separate voice transceiver:: li: 
and packet data transceivers 212 that can operate on tne 

25 same radio frequency channels as illustrated in Figure 1, 

provided that the radio frequency channels that can be usee 
for both voice and packet data comm.unicat ions are all:jcutec 
from a common queue. This could be implemented, for 
examplir, by connecting the VTs 112 and PDTs 212 m FiuL^re ] 

3 0 to a com-Tion controller which manages the queue. 

In the emvbodiment described above, a separ.i:, - 
processor 3G is provided for each DMT 914. Alternat i'.*^'- iy . 
a processor 30 could be shared by multiple DMTs 914, - r 
35 separate processing units 32 could be provided for e.i 
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914 while a single menory' 34 could be shared by multiple 
processor?:: 32 



The eTibodimenc described m detail above is 
parciculorly suited to applications m which voice traffic 
is given priority over packet data traffic. Some 
applications may place other relative priorities on voice 
cra"ffic' and packet data traffic, and' the" control "algorithm 
mav be modified to suit the modified priorities. 
Similari\', some applications may favour queue management 
schemes other than LIFO. for example FIFO or act ivity -based 
queuing schemes. 

These and other modifications of the embodiment 
described in detail above- are within the scope of the 
invention as defined by the claimis below. 
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WE CLAIM: 

1 . An integraced voice and packet data 
teiecommunicacions syscem having at least one dual mode 
5 channel, the system comprising: 

a plurality of transceivers, at least one of the 
transceivers being operable to transmit and receive voice 
traffic on the dual mode channel, and at least one of the 
transceivers being operable to transmi" and receive packet 
10 data traffic on the dual mode channe]. ; and 

a controller for controlling the plurality of 
transceivers so as to allocate the dual mode channel to one 
of voice communications and packet data communications, the 
controller being operable, in response to changing demand 
15 for voice channels and packet data channels, to change 
dy narr.ically the allocation of the dual mode channel. 

2. A system as defined in claim 1, wherein the 
controller is responsive to a demand for a voice channel to 

20 allocate the dua] mode channel to voice communications, and 
is responsive to no demand for a voice channel to allocate 
the dual mode channel to packet data communications. 

3. A system as defined in claim 2, wherein: 

25 the system has a plurality of dual mode channels; 

the plurality of transceivers is operable to 
transmit and receive voice traffic on any of the dual mode 
channels, and is operable to transmit and receive packet 
data traffic on any of the dual mode channels; 

30 the controller is operable, in response to 

demands for voice channels, to select dual mode channels 
for allocation to . voice ccmmiunicat ions ; and 

the controller is operable to allocate to packec 
data comm.unicat ions any dual modo channel not selected for' 

35 allocation to voice cominunicat ions . 
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4. A syscetn as defined in claim 3, wherein the 
controller is operable: 

to maintain a dual mode queue of dual mode 
channels not allocaced to voice communications; ana 

to select a dual mode channel according to its 
position m the dual mode queue m response to a demand for 
a voice channel. 

5. A system as defined in claim 4, wherein the 
controller is operable in response to release of a dual 
mode channel allocated to voice communications to return 
the dual mode channel to the dual mode queue and to 
reallocate the dual mode channel to packet data 
communications. 

6. A system as defined in claim 5. wherein the 
controller operates the dual mode queue as a Last In, First 
Out (LIFO) queue. 

7. A system as defined in claim 5, wherein: 

the system has a plurality of voice channels in 
addition to Che plurality of dual mode channels, the voice 
channels being dedicated to voice communications; 

the controller is operable to maintain a voice 
queue of idle voice channels; 

the controller is operable, in response to a 
request for a voice channel when at least one voice channel 
is oresent in the voice queue, to select^a channel from the 

voice queue; and 

the controller is operable, in response to a 
request for a voice channel when no voice channel isi 
present in the voice queue, to demand a channel from the 
dual mode queue. 
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S. A system as defined in ciaim 7, wherein che 
controller is operable in response to release of a voice 
channel when che dual mode queue is empty: 
to select a dual mode channel; 
5 CO hand off a voice call served by the selected 

dual mode channel to the released voice channel; 

::o return the selected dual mode channel to the 
dual mode queue; and 

to reallocate the selected dual mode channel to 
10 packet data communications. 

9. A system as defined in claim 1, wherein the 
controller is operable in response to release of a voice 
channel v;hen at least one dual mode channel is allocated to 
15 voice communications: 

CO select a dual mode channel which is allocated 
to voice communications; 

to hand off a voice call served by the selected 
dual mode channel to the released voice channel; 
20 to return the selected dual mode channel to the 

dual mode queue; and 

to reallocate the selected dual mode channel to 
packet data communications. 

25 10. A system as defined in claimv 1, wherein: 

the controller is configurable in a first hand 
off mode in which the controller responds to release of a 
voice channel when the dual mode queue is empty by 
selecting a dual mode channel, handing off a voice call 

30 served by che selected dual mode channel to che released 

voice channel, returning the selected dual mode channel to 
the dual mode queue, and reallocating the selected dual 
mode channel to packet data communications; and 

the controller is configurable in a second hand 

35 off mode in which the controller responds to release of: a 
voice channel when at least one dual mode channel is 
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aliocared ro voice comn^unxca t ions by selecting a dual mode 
channel which is allocated to voice communications, handing 
off a voice call served by the selected dual mode channel 
CO t:ne released voice channel, returning the selected dual 
mode cnannel to the dual mode queue, and reallocating the 
dual node channel to packet data communications. 



^eiecte-: 



11. A system as defined in claim 7, having a 
plurality of cells, a respective subset of the plurality of 
voice channels being assigned to each cell and a respective 
subset of the plurality of dual mbde channels being 
assigned to each cell. 

12. A system as defined m claim 5, having at least 
one packet data channel in addition to the plurality of 
dual mode channels, the packet data channel being dedicated 
to packet data comjnunicat ions . 

13. A system as defined in claim IQ, having at least 
20 one packet data channel in addition to the plurality of 

dual mode cnannels. the packet data channel being dedicated 
to pac:<et data comjnunicat ions , wherein the controller is 
configurable such that the first and second handoff modes 
are disabled with the at least one packet data channel is 
25 in operation. 

14. A system as defined in claim 1, wherein: 

at least one transceiver of the plurality of 
transceivers is a dual mode transceiver v/hich is operable 
30 in a voice mode to transmit and receive voice traffic and 
operable in a packet data mode to transmit and receive 
packet data traffic; and 

the controller is operable to sw^itch tne cual 
mode transceiver betv/een the voice mode of operation and 
3 5 the packet data mode of operation. 



wo 97/22216 



PCT/CA96/004'?9 



10 



iS. An integrated voice and packet data 
teieconRnunicai ions system, comprising : 

az least one dual mode radio transceiver operabi 
in a voice mode to transmit and receive voice traffic, and 
operable in a packet data mode to transmit and receive 
packet data craffic; and 

a controller for switching the dual mode 
transceiver betv/een the voice mode of operation and the 
packet data mode of operation. 



16. A dual mode radio transceiver comprising: 
at least one radio transmitter; 

at least one radio receiver; and 
a processor for processing signals to be 
15 transmitted by the at least one radio transmit ter and for 
processing signals received by the at least one radio 
receiver, the processor being configurable in a voice mode 
for processing voice traffic and being configurable in a 
packet data mode for processing packec data traffic. 

20 

17. A method of operating an integrated voice and 
data telecommunications system, the system hav^ing a 
plurality of dual mode channels each operable in a voice 
mode for voice communications and in a packet data mode foi 

25 packet data communications, the method comprising: 

maintaining a dual mode queue of dual mode 
channels allocated to packet data communications; 

selecting, in response to a demand for a voice 
channel, a dual mode channel according to its position in 
30 the dual mode queue; and 

allocating the selected channel to voice 
communications . 

18. A m.ethod as defined in claim 17, further 

35 comprising, in response to release of the demanded voice 
channel, returning the dual mode channel to the dual mode 
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queue and reallocacing the dual mode channel co packet data 
ccmmunica t ions . 

19. A me::hod as defined in claim IS, comprising 
operating the dual, mode queue as a Last In, Firsc Out 
(LIFO) queue. 



20. A method as defined in claim 17, v;herein the 
system has a plurality of voice channels in addition to 

10 oluralit\' of dual mode channels, the voice channels being 
dedicated to voice communications, the method further 
compr ining : 

maintaining a voice queue of idle voice channels; 
in response to a request for a voice channel when 
15 at least one voice channel is present in the voice queue, 
selecting a channel from the voice queue; 

m response to a request for a voice channel v/hen 
no voice channel is present m the voice queue, demanding a 
channel from, the dual mode queue. 

2C 

21. A method as defined in claim. 20, further 
comprising, m response to the dual mode queue being empty 
and a voice channel being released: 

selecting a dual mode channel; 
25 handing off a voice call served by the selected 

dual rtiode channel to the released voice channel; 

returning the selected dual mode channel to the 
dual mode queue; and 

reallocating the selected dual mode channel to 
50 packet data communications. 

22. A method as defined in claim 20, further 
comprising, m response to at least one dual mode channel 
being allocated to voice communications and a voice channel 

35 being released: 

selecting a dual m.ode channel; 
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handing off a voice call served by the selected 
dual mode channel to the released voice channels- 
returning the selected dual mode channel tc the 
dual mode queue; and 
3 reallocating the selected dual mode channel to 

packet data communications. 



23. A method as defined in claim 17, wherein the 
system comprises radio-..transceivers for voice 

10 communications and radio transceivers for packet data 

communications located at a comrr;cn base station site, the 
method further comprising multiplexing voice traffic with 
packet data traffic for transmission to and from, the common 
base station site on a shared multiplexed transmission 

lb link. 
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Voice Channel Request 







^Voice Queue ^'^P^V^ ygg" 
Ino 



Allocate Transceiver 
From Voice Queue 



( ^Dual Mode Queue Empty ? 
"no yes" 



Refuse Voice Channel Request 



Allocate Transceiver 
from Dual Mode Queue 
(Last In, First Out) 



Switch Allocated 
Transceiver 
to Voice Mode 



Fig. 4 
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Voice Channel Released 



(^Voice or Dual Mode Transceiver ? ^urI mndp 



voice 



^Dual Mode Queue Full ? ^)dQ- 



yes 




Return Released 




Transceiver 




to Voice Queue 





Return Released Transceiver 
to Dual Mode Queue 



Switch Released Transceiver 
to Packet Data Mode 



Select Dual Mode Transceiver 
for Handoff (Last In. First Out) 



Handoff from Selected Transceiver 
to Released Transceiver 



Return Selected Transceiver 
to Dual Mode Queue 



Switch Selected Transceiver 
to Packet Data Mode 



Fig. 5A 
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Voice Channel Released 



( ^Voice or Dual Mode Transceiver ? ^ iial mndfi 



voice 



Return Released Transceiver 
to Dual Mode Queue 



Switch Released Transceiver 
to Packet Data Mode 



( ^Dual Mode Queue Empty ?^ 
|no 



Return Released 
Transceiver 
to Voice Queue 



yes 






Select Dual Mode Transceiver 
fnr Handoff fLast In. First Out) 






Handoff from Selected Transceiver 
to Released Transceiver 










ReturnSelected Transceiver 
tn Dual Mode Queue 










Switch Selected Transceiver 
to Packet Data Mode 



Fig. 5B 
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